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NOTES ON OXYGEN CONSUl\'!PTION IN TURTLES, 
CHRYSMUS MARGINATA BELLI AND CHELYDRA 
SERPENTINA LINN. 
FRAKCIS MARSH BALDWIN 
ROOM TE~IPERATURE AND AIR 
In an earlier paper 1 read before the Academy, data were given 
on the comparative ratio of oxygen consumption in certain fishes 
and other marine forms. These figures were obtained by analysis 
of samples of water in which the animals had been kept, using the 
chemical method devised by Winkler. As is customary in such 
work, the figures of consumption were reduced to the volumetric 
basis at uniform pressure and temperature and were expressed in 
cubic centimeters per gram of body weight per hour. There re-
sulted from these studies an interesting comparison in metabolic 
rate in the different fishes, being greatest in active fishes like the 
mackerel (ave. 0.726 cc. per gram per hr.) and the butterfish (ave. 
0.301 cc. per gram per hr.) and grading down in the more sluggish 
forms like the flounder, tantog and sea-bass to a figure (ave. 0.070 
cc. per gram per hr.). 
Although some heat is liberated by these oxidations, the slowness 
of the process together with other factors makes it probable that 
the water environment of these forms absorbs the heat as fast as 
it is liberated and the body temperature fluctuates only slightly 
with that of the environment. Thus the fishes are !poked upon as 
typical cold-blooded (poikilothermous) animals which do not 
possess to any appreciable extent either a chemical or a nervous 
mechanism for thermal regulation, such as are quite generally pre-
sent in the so-called warm-blooded (homoiothermous) groups. 
Just where in the series of vertebrate animals the thermal regula-
tory mechanisms make their appearance or to what degree of devel-
opment they have attained in the lower groups still remain to be 
determined. 
As one point of attack on this phase of the problem a study was 
undertaken to explore the fluctuations in body temperature in cer-
tain of the turtles, when these animals were kept in air and were 
allowed to fluctuate with the temperature of the environment. 
1 Proceedings of the Iowa Academy of Scieuce, Vol. XXX, 1923, .PP· 173-180. 
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The results of this study were reported subsequently before this 
section of the academy and have appeared since in the Biological 
Bulletin.2 
Since it has been gener:ally assumed that the birds and the rep-
tiles are closely related phylogenetically and since the birds have 
relatively perfect mechanisms for heat regulation and are warm-
blooded, the suggestion presents itself with some force that within 
the reptilian groups either a beginning or a remnant of such 
mechanisms are to be found. With this suggestion in the forefront 
a preliminary series of observations on what may be considered 
to be the normal or basal metabolic rate in turtles are here pre-
sented. 
Citation: It is not strange that quantitative data bearing upon 
metabolism are lacking from early work when one reflects that 
modern methods awaited the discoveries in chemistry and physics. 
Early workers could rely only upon crude methods and many 
statements were based upon shrewd guesses. To attempt here to 
pass in review the various steps contributory to the modern pro-
ceedings would take us far afield. Starting with the early ice 
calorimeter of Larvoisier and Laplace 3 in 1780, the calorimetric 
method has be~n employed and perfected and corrected down 
through successive decades by such workers as Dulong,4 Hem-
holtz, 5 Ludwig 6 and Liebermeister.7 The exact and exhaustive 
experiments of Rubner and his co-workers for the last four decades 
in Germany, Haldane and his students in England and Henderson, 
Lusk and others in America to mention but a few have brought 
us to our present interpretations. In one of his recent studies, 
Rubner 8 on the life of cold-blooded animals reviews his observa-
tions of these forms (fishes, frogs) and certain of the reptiles 
(turtles) - to which reference will be made later. 
Materials and Methods: For the most part the experiments 
here reported upon were carried out at Lakeside laboratory and 
it is fitting to acknowledge the many courtesies extended by the 
director Dr. Stromsten, and others of the laboratory staff during 
the progress of the work. The study was started in a preliminary 
way in the physiological laboratory at Iowa State College and 
observations so begun have been continued for the past few 
~Biological Bulletin, Vol. 47, pp. 432-445. 
3 Hist. Acad. Roy. d. Sc., Paris, 1780', p. 355. 
4 Ann. d. Chem. et Phys., Paris, 1843, Series 3, Tome 1, p. 440. 
a Encyclop. \Vorterb. d. med. vVissensch, 1846, Bd. 35, S. 523. 
6 Lehrbuch d. Physiol., 1861, Anfl. 2, Bd. 11, S. 739. 
7 Handbuch der Path. u. Therap. des Fiebers, 1875, S. 134. 
8 Diochem Zeitachr. Ild. 147-148, 1924, S. 223-307. 
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months on another phase of the general problem. The results of 
these investigations will be reported upon later. For the most part 
suitable specimens of the painted variety were caught in the 
shallow cove of lake Okoboji in considerable numbers and were 
taken directly to the laboratory. Occasionally, however, an un-
usually favorable catch was placed in the live box and there the 
specimens were held a clay or two until needed. By using freshly 
caught animals in this way it seemed reasonable to suppose that 
these specimens in all cases were well fed and in excellent meta-
bolic state. This was thought to be of significance in the selection 
of experimental animals, and in no case were specimens used that 
gave indication of lassitude or so far as could be told from ordinary 
observations, possessed abnormal or pathological lesions. To those 
who are familiar with metabolism determinations these factors have 
great weight since lively, well-fed animals, other factors remaining 
the same, give indication of a higher metabolic rate than those in 
a post-absorptive state and in a quiet condition. The quantitative 
differences in these two groups will be discussed later in this paper. 
In the case of the snapping turtle, the food factor was a little 
more difficult to be sure of. These animals after a sumptuous 
meal seem either to bury themselves in the mud in shallow ponds 
or along the river banks or bogs, or seek out cool deep water where 
they remain comparatively inactive for a considerable interval of 
time. Of course, if unfavorable conditions develop, these animals 
will migrate across stretches of prairie or marsh land, or follow 
the banks of a stream in order to find a suitable location. If time 
here and space in the Proceedings would permit some interesting 
observations and experiences could be recounted here on the tech·· 
nique of collecting snapping turtles for scientific use. During the 
previous summer, difficulty was experienced in collecting these 
specimens but a chance observation together with a little logic 
helped to open the way to an abundant supply. It seems that a 
dry season had lowered the water in the shallow ponds tributary to 
the lake to such an extent that specimens that had taken up abode 
in these after the egg laying season found the warm \vater and 
warm mud in these recesses uncomfortable so that many started 
migration toward the cooler waters of the lake. Following this 
clue, it was found that comparatively larger numbers could be 
treated out of the mud in these shallow ponds. 
The apparatus used is shown in figure I, and consists chiefly of 
an air-tight chamber (calorimeter) into which the animal may be · 
placed and to which may be connected an oxygen supply tank, and 
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a spirometer of known capacity. By recording the amount of 02 
consumed in a given time, and knowing the weight of the animal 
before and after the experiment, the rate of metabolism taking 
place can be calculated. This procedure is known as the indirect 
method of calorimetry. Of course other technical precautions are 
observed to make the readings at a given temperature (about 20°C. 
in these experiments) and also to correct for changes in barometric 
Fig. 1. In the right fo refront is sl:own the calor imeter with r emovable top and a per· 
£orated shelf dividing its chamber into a n upper and lower compartment. T he lower 
compartment is partially filled with sansolime," the chemical absorbent for CO, and H,O. 
Weighted at its base the calorimeter can be completely submerged in the water jar 
shown in the backgrcund and the temperature maintained at the desired level (20 'C.) 
A known volume of oxygen is n;n into the spirometer (left) from the oxygen tank and 
when all is in readiness the specimen is weighed and placed in the calorimeter and 
the cover clamped down. Release of the pinch cock connects the two in series by 
rubbing tubing. The "sansolime" removes the CO, a s fast as it is formed a nd the 
oxygen enters as fast as it is consumed. 
pressure. Temperature was controlled by placing the calorimeter 
in water, main.tained at approximately 20°C. As is customary in 
such calculations, the units used are cited in cubic centimeter of 
oxygen consumed by the animal per gram of body weight per hour. 
Experimental: In a preliminary way the first series of experi-
ments involve record's from three large-size painted turtles of ap-
proximately equal size and weight. These specimens were main-
tained in the laboratory for about four weeks preceeding the ex-
periments without food, the intent being to reduce them to a rea-
sonable post-absorptive stage, the previous food habits of course 
being unknown. The specimens for convenience may be desig-
nated A, B, and C, respectively, the experiments following one 
4
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another in sequence and repeated. Starting on July 8, and run-
ning in succession for approximately from twenty to twenty-four 
hours intervals on succeeding days, these experiments yielded the 
following interesting data: 
TABLE I 
DATE I SPECIMEN WT. CONS. Q, I 'l'rME GR. HR. CONS. (AVE.) (CORRECTED) 
July 8 1 A 1276 gms. 
------
23 hrs. 950 cc. 0.0320 cc. 
July 91 B 1366 gms. 275 cc. 24 hrs. 0.0264 cc. 
July 10
1 
c 1245 gms. 600 cc. 18 hrs. 0.0267 cc. 
July 13 A 1281 gms. 700 cc. 24 hrs. 0.0227 cc. 
July 141 B 1390 gms. 800 cc. 20 hrs. 0.0288 cc. 
July 15 c 1198 gms. 800 cc. 
I 
24 hrs. 0.0243 cc. 
July 16 A 1215 gms. 600 cc. 24 hrs. 0.0207 cc. 
--1 Average 0.0261 cc. 
\Vhen reduced to the gram-hour basis as shown in the last column 
of the table, the records show a remarkable uniformity, and when 
averaged the figure corresponds almost exactly to that obtained 
by workers in tissue metabolism in the frog and other cold-blooded 
animals,9 as well as the rate found to obtain in certain of the in-
vertebrate series.10 Although one should be cautious to draw con-
clusions from a limited number of experiments the facts seem to 
indicate that such a figure may be regarded as approximating the 
basal metabolic rate in turtles. 
Illustrative of comparable differences in metabolic rate when 
animals were taken directly from their normal environment are 
the following experiments taken from records of August 1 to 5. 
This abbreviated series are typical of all and involve the large 
painted turtles weighing about the same as those used in the pre-
ceding study. Only the essential details of the procedure need be 
tabulated here as in the first group. 
DATE SPECIMEN 
Aug. 1 D 
Aug. 2 E 
Aog. 3 D (repeat) 
Aug. 4 E (repeat) 
TABLE II 
WT. CoNs. O, Ti~rE G H C 
(AVE.) (CORRECTED) R. R. ONS. 
1----1 -----1------
1088 gms. 1225 cc. 21 hrs. 0.0536 cc. 
1447 gms. 1700 cc. 23 hrs. 0.0510 cc. 
958 gms. 1000 cc. 23 hrs. 0.0454 cc. 
1442 gms. 1700 cc. 24 hrs. 0.0491 cc. 
r----- .1.A.,._ verage 0.0491 cc. 
-------------~----
It is apparent that when animals are taken directly from the 
water the figures show a metabolic rate slightly more than double 
that which has been suggested as the basal rate. This increment 
9 Hopkins, Hoyt S., l.Tnpuhlished <lata. 
IO Baldwi1;, F. :\[., Loci. Cit., Proc. Ia. Acarl. Sci., Vol. XXX, pp. 173-180. 
5
Baldwin: Notes of Oxygen Consumption in Turtles Chrysmus marginata belli a
Published by UNI ScholarWorks, 1926
320 IOWA ACADEMY OF SCIENCE 
in excess of the basal rate it would seem can be looked upon as 
"energy" metabolism necessary to counter-balance the greater ac-
tivity of the freshly caught animals. To be sure it may be doubted 
as to whether the whole amount above the basal figure should be 
so credited to "energy metabolism." A number of factors might 
conceivably contribute to maintain this figure slightly higher than 
it should be. Among the most probable source of error would be 
the occurrence of organisms (or vegetation) on the body surface, 
especially on and about the carapace which in turn might be oxygen 
consumers. When compared to the human figures there is rela-
tively close agreement. It will be recalled that it is generally as-
sumed that the calory requirement in man per diem for basal con-
ditions is about 1,840 cal., and that this figure is approximately 
doubled to provide for light and medium exercise, which would 
be equivalent to about 3,680 cal. This is only another way of 
saying that at a certain level for maintainance of life (basal), 
physiological oxidations are progressing at a certain definite rate 
and that on active demand the rate of oxidation is about doubled. 
·without stressing these comparisons unduly, the facts just cited 
bear especial significance in the light of some recent findings by 
Henderson11and his co-workers at Yale University on the maximum 
human power and its fuel, since in this study he cites data that 
substantiates the belief that "energy requirements" in humans may 
grade up from double the basal rate in light exercise to between 
13 and 20 times that amount in extreme exertions. 
Snapping Turtles. The results of the calculations show that 
greater individual differences occur in the snapping variety than 
was the case in the appinted form, but when averaged there is a 
remarkably close agreement in the two. Although it was some-
times difficult to have at hand specimens of comparable weights in 
all experiments an attempt was made to select specimens on that 
basis. Out of a large number of determinations, records from 
several individuals including both the highest and the lowest in 
the groups are given in the table below. 
TABLE III 
DATE SPECIMEN I WT. CONS. o. TIME GR. HR. CONS. I (AVE.) INTERVAL 
Aug. 6 H I 1447 gms. 1700 cc. 23 hrs. 0.0511 cc. 
Aug. 7 I I 1800 gms. 1900 cc. 23 hrs. 0.0436 cc. 
Aug.10 F I 1660 gms. 2700 cc. 18 hrs. 0.0883 cc. 
Aug.11 G 11930 gms. 2000 cc. 24 hrs. 0.0431 cc. 
Aug.12 K 1623 gms. 1875 cc. 18 hrs. 0.0651 cc. 
I Average 0.0582 cc. 
11 Amer. Jour. Physiol., Vol. 72, pp. 264-282. 
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It is very much regretted that an extended series of experiments 
are not at hand on snapping turtles so that "basal" figures might 
be compared with those just given from animals taken from the 
water. 
A considerable number of snappers were sent to the State college 
laboratory from the lake and this group were kept without food 
for one month in order to reduce them to the post absorptive state 
as was done with the painted variety. Experiments were begun 
on this group on October 19th and were in progress when by mis-
take hot water \Vas left running by the janitor in the supply tank 
so that work was brought abruptly to a close on October 28th. 
The few records that were obtained it would seem are rather in-
structive and are given for a tentative basis of comparison. 
TABLE IV 
DATE SPECIMEN 
WT. CONS. o, Tr ME GR. HR. CoKs. 
(AVE.) (CORRECTED) 
Oct. 19 AA · 1345 gms. 700 cc. 30 hrs. 0.0174 cc. 
Oct. 20 BB 1660 gms. 950 cc. 30 hrs. 0.0171 cc. 
Oct. 25 BB (repeat) 1648 gms. I 1000 cc. 30 hrs. 0.0202 cc. 
Oct. 26 AA (repeat) 1299 gms. 1400 cc. 45 hrs. 0.0236 cc. 
Average 0.0195 cc. 
When this average figure representing tentatively the "basal 
metabolic" rate in the snapping turtle is compared with the average 
figure in the preceding series, it is seen that the latter representing 
the "energy metabolism" is almost three times the fonner. Re-
ferring again to the data cited in tables 1 and II, the "energy 
metabolism" is somewhat lower in the painted variety, while the 
"basal metabolism" is maintained at a slightly higher level than 
in the snapping turtle. \;Vhether these comparative figures have 
any particular significance or not awaits further work, and more 
extensive interpretations. 
fVeight vs. Surface Area: The question as to whether small 
animals with a comparatively greater surface area have a greater 
rate of oxygen exchange than proportionate larger animals was ap-
proached by a number of experiments. A typical series of experi-
ments on the painted turtles appear in the following table. It is 
noted that in each experiment the total average weight is approx-
imately 1000 grams. 
It appears from figures given in this table, and other experiments 
yield comparable results, that although there is a slightly greater 
oxygen consumption in the smaller animals this increment seems 
not to obey any surface area law. Although two turtles under 
7
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TABLE V 
DATE SPEC!- WT. CONS. 02 TIME GR. HR. CONS. MEN(S) (AVE.) (CORRECTED) ---
Aug. 1 D (large) 1080 1225 cc. 21 hrs. 0.0536 cc. 
Aug. 2 E (two) 495 
58"5 ( 1080) 
1500 cc. 20 hrs. 0.0694 cc. 
Aug. 3 F (three) 298 1700 cc. 23 hrs. 0.0769 cc. 
328 
351(977) 





datum "E" show relatively greater oxygen consumption than a 
large turtle datum "D" and a somewhat less consumption than the 
three turtles under datum "F," five turtles under datum "G" con-
sume relatively less than the latter, and only slightly more than two 
under datum "E." These facts seem to accord with the general 
conclusion reached by Rubner, 12 that, "the surface area of cold-
bloods stands in no casual relation to energy exchange." It should 
be borne in mind in this connection, however, that the temperature 
factor in these experiments is under practical control and fluctuates 
only slightly from what might generally be conceded to be room 
temperature (about 20° C.). Whether this general statement might 
not have to be modified, at critically high or critiaally low tet)1-
peratures needs further and careful investigation. 
Some data is at hand on the consumption of oxygen when turtles 
are cooled in an ice bath and work is in progress as to the effect of 
raising the temperature. These phases of the problem will be 
treated in a subsequent paper. 
Sunmiary. By the method of indirect calominetry, data on the 
rate of oxygen consumption in the painted and snapping turtles 
are recorded, and some of the contributing factors are analyzed. 
This report concerns experiments where the temperature varied 
only slightly from 20° C. The first series of experiments was 
carried out upon several large painted individuals weighing approx-
imately 1200 grams after being kept in the laboratory four weeks 
without food but with water sufficient to keep the body moist. 
Oxygen consumption figured on the cc. gm. hr. basis showed very 
close agreement within each series. The extremes in the fluctua-
tions in these so-called "basal" records were from 0.0327 to 0.0207 
cc. gm. hr., with an average of 0.0261 cc. gm. hr. In the second 
series taken from individuals of the same species of comparable 
12 Loci. Cit., p. 285. 
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weights taken directly from the water (energy metabolism) the 
range was from 0.0453 to 0.536 cc. gm. hr., with an average of 
0.0497 cc. gm. hr. A third series of experiments performed upon 
snapping turtles taken directly from their environment, and weigh-
ing about 1700 gms. each, the figures representing "energy meta-
bolism" in this form showed a range from 0.0431 to 0.0883 cc. 
gm. hr. with an average of 0.0582 cc. gm. hr. On the kilo/day 
basis, the average figures in the three series become 604.8; 1,169.0; 
and 1,490.2 cc. kilo/day respectively. Assuming 1 liter 02 = 4.60 
cal. @ 20°C., these figures are of interest when compared with 
figures for "basal" and "energy'" metabolism computed for man 
on the same basis. Taking 400 liters 02 per day ( 1,840 cal.) as 
the average consumption in man under basal conditions, the ratio 
in the first series cited becomes about 800 : 1. Figures are only 
tentative for the "basal" rate in snapping turtles but it would 
seem that this ratio is even greater for these animals. \Vhen 
taken directly from the environment, "energy" metabolism in both 
forms is more than doubled. This falls in with what is true also 
in the higher forms and it is probable that this increment of energy 
expenditure is prompted by the greater activity of freshly caught 
animals. It is of interest to see that when the shell and hard parts 
of the body are deducted from the weight (roughly -?r) and the 
figures computed on 02 consumption of soft parts alone, the results 
compare favorably with figures obtained on the turtle by Rubner, 
by the direct method (viz. @ 20°C. 163 gms. dry tissue was con-
sumed by using 250 cc. 02 ). Reduced to the gm. hr. basis this is 
equivalent to 0.0641 cc. gm. hr., on a twenty-four hour per~od. 
lowA STATE Cou.EGE, 
AMES, IowA. 
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